A formal generalization of the Nyquist formula for an antenna in a possibly anisotropic equilibrium plasma is presented along with practically useful expressions derived from it. It is shown that this can explain some preliminary results of the recent three-dimensional radio mapping experiment (SBH) on the ISEE 3 spacecraft.
The voltage measured by a receiving passive antenna, in open circuit, is obtained in the usual way as f J(r) V(t)= E(r,t).-•-o dr (1)
where E (r, t) is the field to be measured, and J(r)/1o the normalized current distribution in emission conditions. (In fact, in a magnetoactive plasma, as the dielectric permitivity tensor satisfies e•j(k, co, Bo) = ej• (-k, co, -Do), the application of the reciprocity theorem [Ginzburg, 1964] , giving (1), shows that the current must be taken in a medium where the static magnetic field Do has been reversed; this has no practical consequences in most applications.) The autocorrelation of V(t) is
1# (V(t•)V(t:)) = •oo: dr• dr: J(r•) < E(r•, t•)E(r:, t:) > J(r:)
If the medium is homogeneous and stationary, the quadratic space-time correlation function depends only on r = r• -r: and t = h -t:. Hence, Parseval theorem gives the following spectral density:
where the usual convention of sommation on indices is im-
plied, and v: = f (V(t•)V(t• + t)) e •t dt J(k) = f J(r) exp (-ik.r) dr (2')

Eo(k, co)= f dt dr < E,(r•, t•)E•(r• + r, t• + t) > exp [i(cot-k.r)] (J(r) and E(r, t) are taken as real).
In an equilibrium plasma, the tensor of the spectral distribution of the electric field fluctuations in the medium is given, in the classical limit (high temperature), from the fluctuationdissipation theorem, as [Sitenko, 1967] Eta ( We stress that, owing to the hypotheses involved, this derivation is strictly valid for any antenna immersed in an homogeneous stationary, and possibly anisotropic, equilibrium plasma and in the absence of external fields. It permits the calculation of the thermal noise by using (6'), together with previous theoretical derivations of the antenna resistance R.
If the plasma is not in equilibrium, (3) and thus (6') are not valid, and, in the general case, the calculation is not straightforward; if the plasma is stable, one can use (2) and insert the proper expression for the tensor Eu(l•, w), taking account of the actual particle distribution function [Sitenko, 1967] , like in Grabowski and Slavik [1976] , for example (whose derivation is restricted to a two-element-point-dipole antenna). In some special cases, (7) can be generalized; we will return to this point in section 3.
The other restrictive hypothesis is the plasma homogeneity; the calculation is thus strictly valid for the so-called grid antenna. In practice, the antenna is surrounded by a sheath, which may modify the result: for example, it is known [MeyerVernet et al., 1978] that an electron-depleted sheath (typical for ionospheric applications) may increase the high-frequency resistance by several orders of magnitude, below the electron plasma frequency; on the other hand, in some magnetospheric or solar wind applications, the photoelectron noise may play a part.
Finally, we note that a relative velocity V between the antenna and the plasma, does not change (6'); of course, in this case, R must be calculated by performing the transformation •o --• o• -k.V (nonrelativistic case) in (6).
APPLICATIONS TO AN EQUILIBRIUM ELECTRON PLASMA
Isotropic plasma. In an isotropic plasma (dielectric permittivities longitudinal eL and transverse er), the tensor Eu decouples in the well-known two parts
For a small magnetic antenna, k.J(k) = 0; and putting (7) in (2) shows explicitly that the longitudinal term does not contribute and the measured noise will be negligible.
On the other hand, for a small electric antenna, the first term is dominant, and one expects a noise band, peaking in the vicinity (and above) the plasma frequency, due to the contribution of the first Landau pole of ,•, and of the others. The noise bandwidth and amplitude depend on the antenna length, owing to the hctor J(k) in (2) (increasing the antenna length decreases the width); a small residual noise is also expected below the plasma frequency, due to the contribution of the other Landau poles.
To be more explicit, consider a short iliamental antenna with triangular current distribution, operating at frequencies near the electron plasma frequency. The calculation of R has been performed by Kuehl [ 1967] (and later generalized to finite antenna's radius [Sch• 1970] ); this involves a numerical integration in k, like (6), using the usual expression of the permittivity, with the Fried and Conte function (the so-called kinetic description).
In the special case when small values of k give the dominant contribution in the integral giving R, the so-called hydrodynamic approximation can be used. This leads to the following explicit expression [Balmain, 1965] We note that, as expected, this reduces in the limit L -• oo, to 2 times the corresponding result for one single sphere [Fejer, 1964] •pl LD1
